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DIGEST OF VERMONT HIGHWAY TRANSPORTATION 
SURVEY’ 


Reported by J. GORDON McKAY, Chief of the Division of Highway Economics, United States Bureau of Public Roads 


HE State Highway Department of Vermont was 
ci established in 1898 to act in an advisory capacit y 
to the towns. In 1906 the principle of State aid 
was adopted and the State highway department was 
authorized to assume the supervision of the construc- 
tion and maintenance of the main thoroughfares upon 
which State funds were expended in conjunction with 
funds of the towns.’ 

From 1906 to 1923 the State-aid system was im- 
proved almost exclusively with gravel surfaces. Be- 
tween 1923 and 1926, besides adding to the mileage of 
gravel roads, the surfaces of this type on the more 
heavily traveled routes have been surface-treated, 
and 36 miles of surfaces superior to gravel have been 
constructed. 

The rapid increase in traffic on the principal high- 
ways during the past few years has materially increased 
the cost of maintaining gravel surfaces on these routes; 
and in 1925 the maintenance of roads and bridges 
accounted for approximately 53 per cent of the total 
expenditure on the State-aid system. 

The principal highway problems now confronting 
the State are the construction of surfaces superior to 
gravel on the principal routes, replacing the present 
gravel sections upon which the maintenance has become 
too expensive; the construction of adequate bridges 
on these routes to replace the remaining old, inferior 
structures; the establishment of a primary highway 
system, including the principal routes, for which the 
State will accept the full responsibility of financing, 
construction, and maintenance; and the establishment 
of a secondary system of highways, including routes 
supplementary to the primary system to be developed 
under the control of the State on the State-aid principle 
in cooperation with the towns. 

Recognizing the need for a definite program of high- 
way improvement in accordance with the present and 
expected future traffic importance of the various sec- 
tions of State highways, the Vermont Highway Board 
entered into an agreement with the United States 
Bureau of Public Roads to conduct a cooperative sur- 
vey of transportation on the highways of the State. 


DETAILED TRAFFIC DATA SECURED 


The survey was begun on July 16, 1926, and con- 
tinued for a period of three months. 

During this period traffic data were recorded on 
two days each month at 149 points on the Vermont 
highways. Each operation consisted of a 10-hour 
observation period alternating between 6 a. m. to 4 
p. m. and 10 a. m. to 8 p. m. Special observers 
tabulated traffic between 8 p. m. and 6 a.m. Complete 
24-hour observations also were made to serve as the 
basis of a computation of hourly variation in traffic 
and of average daily traffic; and finally, traffic observa- 
tions for one-week periods were also made at selected 
stations to determine variations in traffic by days of 
the week. 


! This survey was conducted cooper: aude by ‘the I Bureau of Public Roads of the 
. 8. Department of Agriculture and the Vermont State Highway Department 
Lo opy of the full report may be obtained by addressing the Bureau of Public Roads 
? The town is the local unit of government in Vermont. 


7531-2 7——1 


U 










The data obtained at each of the observation point® 
included counts of passenger cars, motor trucks, moto! 


buses, horse-drawn vehicles and vehicles carrying for- 
eign (extra-State) registration tags. Detailed motor- 


truck and passenger-car data were also recorded at 
each station, the former including the capacity of the 
truck, State of registration, place of ownership, origin 
and destination of trip, type of origin and destination, 
commodity carried, and tire equipment. Gross and 
rear-axle weights of trucks were also measured by means 
of portable scales. Passenger-car data included State 
of registration, pli ice of ownership, purpose of trip, 
origin, destination, and number of passengers. 

Traffic was observed on all sections of the more 
important traffic routes, including practically all the 
numbered routes and many other State-aid roads and 
on representative sections of the town roads. Stations 





INTERVIEWING THE DRIVER OF A GROCERY TRUCK ATA & 
WEIGHING STATION 


were located so as to enable close observation of 
variations in traffic on the several routes and sections 
of routes. 

DENSITY OF TRAFFIC ON ALL IMPORTANT ROUTES DETERMINED 

There are 14,900 miles of highway in Vermont, of 
which 14,582 miles are open to public travel. Of this 
mileage 4,462 miles have been selected as the more 
important highways in each town and are known as 
State-aid roads, the remaining 10,120 miles being town 
roads. 

Of the 4,462 miles of State-aid roads 1,968 miles 
have been numbered and marked by the State high- 
way department. These include the more important 
of the State-aid roads; and the Federal-aid highway 
system of 1,043 miles includes the more important of 
the numbered routes. 

This classification of Vermont highways is used 
throughout the report and the several classes are 
referred to invariably by the following names: 

Federal-aid system, 1,043 miles. 

Numbered State-aid routes (including all numbered State-aid 
routes other than the Federal-aid routes), 925 miles. 

Unnumbered State-aid routes (including all State-aid roads 
which have not been numbered by the State highway depart- 
ment), 2,494 miles. 

Town roads, 10,120 miles. 
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Fia. 1.—Averaar Daity Trarric DENsITY ON VERMONT HIGHWAYS 
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Upon the 14,582 miles of highway it is estimated 
that there was an average daily motor-vehicle move- 
ment during the period of the survey of 1,516,000 
vehicle-miles.* The average daily density of traffic is 


shown in Figure 1. 

The State roads, comprising 30.6 per cent of the 
total highway mileage, carried 87.2 per cent of this 
total traffic; and the town roads, embracing 69.4 per 
cent of the total mileage, carried only 12.8 per cent of 
The traffic on the State-aid roads 


the total traffic. 
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Table 1 shows the mileage of Federal-aid and num- 
bered State-aid routes by traffic classes in 1926. 

The variation on individual sections of these routes 
is even greater. On the Federal-aid system, traffic 
varies from 2,673 vehicles daily on the section of heav- 
iest traffic to approximately 100 vehicles on the least 
important sections. On the numbered State-aid routes, 
other than Federal-aid, and on the unnumbered State- 
aid routes, traffic of over 1,000 vehicles daily was 
observed only on very short sections immediately adja- 





A SeEcTION oF CoNCRETE PAVEMENT CONSTRUCTED WITH FEDERAL AID ON Route U. S. 
NEAR POWNAL 


averages over 15 times that on the town roads; on the 
Federal-aid system the traffic is more than double that 
on the numbered State-aid routes, and more than five 
times that on the unnumbered State-aid roads; and the 
traffic on the numbered State-aid routes is more than 
double that on the unnumbered State-aid roads. 


3 In this report certain terms, frequently used, have invariably the same meaning 
hese terms and their definitions are as follows: 

Vehicles refers only to motor vehicles (passenger cars and trucks), exclusive of 
horse-drawn conveyances. 

Traffic is defined as the movement to and fro of vehicles over a highway. 

Density of traffic is defined as the number of motor vehicles passing any given 
point on a highway inaunitoftime. For example, on route U. S. 2 between Mont- 
pelier and Barre the average daily density of traffic Was 2,576 vehicles, which means 
that during an average 24-hour period 2,576 vehicles passed any given point on this 
2 miles of highway. Unless a different unit of time is specifically stated, density 
of traffic refers to the number of vehicles passing any given point on the highway 
luring a day of 24 hours. The accuracy of the determination of density of traffic 
is influenced by the distance between the survey stations. Exactness of method 
would require a density record for each point on the highway system where traffic 
varies. The cost involved in proportion to the relatively small gain in accuracy 
does not justify location of traffic observation points at close intervals. The density 
cumputed for each station on the Vermont highway system is applied to the short 
sections of highway reasonably adjacent to each station on which there is but little 
variation in traffic. In discussions of the utilization of the highway system, where 
t is desired to discriminate between the use of the highway by vehicles and the vol- 
ime of traffic, the term vehicle-miles per mile is used in the former connection. Nu- 
merically, vehicle-miles per mile are equivalent to density of traffic. 

Daily refers to a day of 24 hours. 

Average daily refers to an average day during the period of the survey (July 16 to 
October 15, 1926). 

Vehicle-mile is defined as the movement of a motor vehicle 1 mile. 

Average daily vehicle-miles on the highway system are calculated by multiply- 
ng the average daily density of traffic on each section of highway by the length of 
the section in miles and adding the products. 

Ton-mile is defined as the movement of a ton 1 mile, 

Net tonnage refers to the net weight of the motor truck cargo. 

— ae or gross load refers to the weight of the loaded motor truck, cargo 

ind venhicie, 
Foreign traffic or vehicles refers to vehicles having other than Vermont license 
igs. Foreign vehicle-miles are calculated by applying the percentage of foreign 
vehicles at each station to the total vehicle-miles on the sections of highway adjacent 
to each station and adding to obtain the total foreign vehicle-miles. Similar pro- 
‘edure is used in calculation of farm and city, business and nonbusiness, touring 
traffic, and trucking for hire. 


‘ 


cent to the larger centers of population. The minimum 
traffic observed on the numbered routes was 33 vehicles; 
on the unnumbered roads several sections were ob- 
served which carried less than 10 vehicles perday. Of 
the town roads a considerable number of roads ob- 
served carry less than 5 vehicles per day, and very few 
were observed to carry over 100 vehicles per day. The 
comparatively small mileage of town roads carrying 
over 100 vehicles per day is found in the immediate 
vicinity of villages. There is a considerable mileage of 
town roads which, although officially public roads, are 
unopened and carry no traffic. 

In the complete report the State is divided into six 
traffic sections which are somewhat comparable with 
the distribution of population and industry, and the 
traffic is analyzed on the various classes of highways in 
each of these sections. 


TABLE 1.—Mileage of Federal-aid and numbered State-aid routes, 
by traffic classes—1926 





Traffic class (vehicles per day Federal-aid routes Numbered State- 





aid routes 

Miles Per cent Miles Per cent 

Over 1,500_.... 37 ae eee 
1,200 to 1,499... 64 gg Se: PTE Set 
CI I oe 7 19.8 10 1.1 
sation cccaciawicbarsnacuwhwain 513 49. 2 190 20. 5 
Less than 400 222 21.3 7 78.4 
MRC dinieuice ceecnwews~ncnenees 100. 0 925 100. 0 
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FOREIGN TRAFFIC INCREASES COST OF HIGHWAY SERVICE 


Foreign traffic, i. e., traffic of vehicles registered 
in other States, forms an important part of the total 
traffic on Vermont highways. The State is traversed 
by the main routes of tourist traffic between southern 
New England and Canada and between New York 
and the White Mountains and Maine coast resorts, and 
is in itself an important recreational area. 

During the period of the survey, motor vehicles of 
foreign registration made up 35.6 per cent of the total 
traffic on the Federal-aid and numbered State-aid 
highways. Of the total passenger-car traffic, 36.6 per 
cent was of foreign registration, and the corresponding 
percentage for truck traffic was 9.6 per cent. 





Route U.S. 5 Near HARTLAND. Tue Roap is Sur- 
FACED WITH GRAVEL. NOTE THE STANDARD CaAv- 
TION SIGN 


Foreign-truck traffic is small in volume, and largely 


limited to the areas adjacent to the State boundaries. 


In capacity and loading the foreign-truck traffic is 
similar to Vermont truck traffic. 

Of the 1,043 miles of Federal-aid highways, 114 miles 
carried foreign passenger-car traffic in excess of 500 
vehicles daily, 513 miles carried between 200 and 500 for- 
eign vehicles, and 416 miles less than 200 foreign vehicles. 

Route U. S. 7, from the Massachusetts line near 
Pownal to the Canadian border near Highgate Springs, 
carried the greatest volume of foreign passenger-car 
traffic, such traffic being 43.3 per cent of the total 
passenger-car traffic on the route. The large volume 
of foreign traffic on Vermont highways adds consider- 
ably to the cost of providing highway service on the 
main routes of travel. This volume of foreign traffic, 
in addition to local Vermont traffic, results in increased 
maintenance costs on present improvements, which are 
loaded beyond their economic capacity, and makes 
necessary earlier improvement or reconstruction of 
these routes by the construction of surfaces superior 
to gravel. The present contribution of foreign traffic 
to Vermont highway revenue is limited very largely to 
that derived from the taxation of gasoline sold to 
operators of foreign cars and it is doubtful if this 
revenue is at all commensurate with the increased cost 
of providing highway service caused by foreign traffic. 


TRUCKING IMPORTANT ONLY ON SHORT SECTIONS OF THROUGH 
ROUTES 


J 


Except on a comparatively small part of the highway 
mileage, motor-truck traffic on the highways of the 
State is a minor part of total motor-vehicle traffic. 
The construction of surfaces to carry passenger cars 
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MOTOR TRUCKS PER DAY 


Fig. 2.—CLASSIFICATION OF FEDERAL-AID Roap MILEAG! 
ACCORDING TO THE NUMBER OF Moror TrucKs CARRIED 


will in the majority of cases be adequate for such motor- 
truck traffic as there is. There are, however, major- 
traffic routes, particularly those near the larger cities 
and villages, on which the density of truck traffic is 
sufficiently great to require special consideration in 
highway planning. 

There is a large mileage of road that carries less than 
50 trucks a day, even on the Federal-aid system, as 
shown by Figure 2. Of’ the 1,043 miles of the latter 
system, only 241 carry 50 or more trucks a day; and of 
the 925 miles of numbered State-aid routes, only 48 
miles carry truck traffic of that density. 

Approximately 35 per cent of the mileage of the 
Federal-aid and numbered State-aid highways carried 
less than 20 trucks per day, and 85.3 per cent less than 
50 trucks. On 13.6 per cent of the mileage there was 
a density of from 50 to 99 trucks, and on 1.1 per cent 
100 or more trucks per day. 

No one route stands out as a main trucking route. 
There are short sections on practically every important 
highway route which carry a considerable number of 
trucks. These sections are distributed throughout the 
State. The longest ison Route U.S. 2 from Burlington 
to East Barre, a distance of 37.9 miles, on which motor- 
truck traffic varied from 60 to 161 trucks at various 
points. 

Practically all of the important trucking routes in 
the State are included in the Federal-aid system; and 
of the Federal-aid mileage carrying 50 or more trucks 
per day, approximately two-thirds is on the United 
States routes. 
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™ 
CAPACITY AND LOADING OF TRUCKS ANALYZED 


The provision of highway facilities for motor-truck 
traffic in Vermont involves varied problems according to 
the capacity and weight of trucks as well as the density 
of the traffic. On roads where few or no trucks of 2 
tons or larger capacity were found, highway planning 
need make no other provision than that required for 
passenger-car traffic. Trucks of less than 2 tons 
capacity, 97 per cent of which are equipped with pneu- 
matic tires on their rear wheels,’ have much the same 
effect upon highway surfaces as passenger cars. 

Where trucks of 2 tons or greater capacity occur in 
appreciable numbers they must be given consideration 
in highway planning. These trucks carry considerably 
heavier loads than passenger ears and approximately 
53 per cent of them are equipped with other than 
pneumatic tires on the rear axle. 


Figure 3 shows the distribution by capacity groups ° 


of loaded 


motor trucks observed on the highways of 
the State. 
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Motor trucks of 2 to 21% tons capacity were approxi- 
mately one-fifth of the observed trucks, those of less 
than 2 tons capacity 77.4 per cent, those of 3 to 4 tons 
capacity comprised only 3.3 per cent, while those of 
5 tons or greater capacity, being only 0.4 per cent of 
the total number of trucks observed, were a negligible 
part of the total truck traffic. 
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= An Arrractive VISTA ON THE CONNECTICUT RIVER 
oO Roap. Ture Roap Has an Or_tED GRAVEL SURFACE 
a 30 +4 ———E ————$—$——— — 
a As shown in Table 2, loaded trucks of less than 2 tons 
25 | — = capacity carry an average cargo of 1,800 pounds and 
have an average gross load of 5,140 pounds. 
20 Aino. TABLE 2.—Average weight per loaded truck by capacity classes 
! — ated Average Average 
’ Capac — net weight gross 
rucks of cargo weight 
10 en ve 
rons: Number Pounds Pounds 
16 to 1! 2, 523 1,8 , 140 
2 to 214 524 4, 920 iz, 410 
5 < =e ane ——_—— 3 to 4 112 5, 490 15, 100 
5 to 7! 4 8, 200 20, 300 
; = 
Loyt 2-2 3-4 5-74 That motor-truck traffic in Vermont is predominantly 
wih , : a movement of small trucks carrying light loads is fur- 
CAPACITY GROUP - TONS ther indicated by the fact that 72.8 per cent of the 
Fig. 3.—Dtstrisution or Loapep Moror TRUCKS BY loaded trucks weigh less than 8,000 pounds gross and 


87.4 per cent less than 12,000 pounds gross. Only 3.9 
per cent weigh 16,000 or more pounds, as shown in 
Table 3. 


Capacity CLASSES 





‘ The rear axle of a truck delivers a greater im 
rries, on an average in Vermont, 69 per cent of t 


74564—27— 


post to the road surface because it 
ne total gross load. 
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TaBLe 3.—Loaded trucks classified by gross weight 





Average Average 
Gross weight Loaded trucks net weight gross 
ofcargo weight 
Thousand pounds: Number | Percent Pounds Pounds 
SS ae nee 869 | 27. 630 " 
Ee aactnhdnnnnneennwendineeuin 1, 431 45.3 2, 000 5, 640 
ES eae ee awe 463 14.6 3, 600 9, 580 
i iteihdiiwecennieiewee 276 | 8.7 5, 680 13, 800 
| ‘ 124 3.9 9, 030 18, 280 
a 3,163 | 100.0 2, 450 6, 710 


Trucks of over 16,000 pounds gross weight carry an 
average cargo of 9,030 pounds and have an average 
gross weight of 18,280 pounds. 





me j 
Tue River Roap BETWEEN FARLEY AND BRADFORD—A 
GRAVEL Roap ConstrucTeD With FEDERAL AID 


“S 


Extensive use of trucks of 2 tons capacity or larger 
is limited to a relatively small mileage of the highways 
of the State. On Federal-aid highways, the principally 
traveled routes of the State, less than 10 trucks of 2 
tons or larger capacity are found on 68.4 per cent of the 
mileage as shown in Table 4. 


TABLE 4.— Mileage of Federal-aid and other numbered State-aid 
highways by density of traffic of 2-ton or larger trucks 


Two-ton and larger trucks per day Federal-aid high- Other numbered 





ways State-aid highways 

Miles Per cent Miles Per cent 
i iiidcebtebmaskiosantnbbetoonenoase 713 68.4 839 90.7 
ninhh ark bhinibs gukwemieniedwstudeenn 284 27.2 59 6.4 
ca irene Ad slate Gaiidadoueinmn 36 3.4 21 2.3 
SE icitndesedicnscccecanccesesutwe 10 1.0 6 .6 
ethbalhdewbie aoa sigtanatdnadtaeotet a 100. 0 925 100. 0 











MOTOR-BUS AND MOTOR-TRUCK LINES ARE OF INCREASING 
IMPORTANCE 


Motor-bus traffic, although small in total volume, is 
important on certain of the Federal-aid and numbered 
State-aid routes, and on a few of the unnumbered 
State-aid roads. 

In 1926 there were 52 companies or individuals 
licensed by the public service commission, engaged in 
intrastate and interstate bus transportation, operating 
on regular schedules over approximately 671 miles of 


Federal-aid roads, 168 miles of numbered State-aid and 
62 miles of unnumbered State-aid routes. 

On portions of several of the main routes two or 
more bus lines operate,.some being through lines and 
others serving the local communities. 


Burlington, 
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Rutland, Montpelier, and White River Junction are 
the te termini of motor-bus transportation lines. 

The busses observed varied in capacity from 5 to 38 
passengers each; approximately one-third had a capac- 
ity of less than 10, and one-half a capacity of 20 or 
more passengers. 

Busses of small passenger capacity are similar to the 
ordinary passenger automobile and require no special 
consideration, but the large-capacity bus traveling at 
high speed may, when present in large numbers, 
require special consideration both as to width of sur- 
face and design of pavement. 

In 1926 there were 16 licensed trucking concerns 
operating over fixed routes and on regular schedules. 
These routes covered approximately 346 miles of 
Federal-aid routes, 74 miles of numbered State-aid 
routes, and 17 miles of unnumbered State-aid roads. 

The capacities of trucks engaged in this form of 
common-carrier transportation varied from 1 to 24% 
tons. 

While the tonnage hauled by companies operating 
for hire is small compared to the tonnage of the total 
truck traffic, it is of growing importance in those sec- 
tions which have inadequate railroad transportation. 


SURVEY SHOWS EXTENT OF HIGHWAY USE 


During the period of the survey, motor-vehicle 
traffic on the highways of the State, of which there are 
14,582 miles, was approximately 139,472,000 vehicle- 
miles, an average of 1,516,000 vehicle-miles per day. 
The distribution of this traffic by classes of highway 
Federal-aid, other numbered State-aid routes, un- 
numbered State-aid routes, and town roads—is shown 
in Table 5. 

5— Motor 


TABLE vehicle utilization and 


mileage of Vermont 
highways by systems 


Average 
; le Highway Average daily daily 
Highway syste mileage vehicle-mileage density 
of traffic 
Per Vehicle- Per 
Miles cent miles cent 
Federal-aid system me 1, 043 7.2 732, 000 48.3 702 
Numbered State-aid routes !.___. 925 6.3 271, 000 17.9 293 
Unnumbered State-aid routes ---- 2, 494 17.1 318, 900 21.0 128 
Town roads......-. decane 10, 120 69.4 195, 000 12.8 19 
Tetel...... 14,582 | 100.0 1,516,000 100.0 


1 Numbered State-aid routes other than Federal-aid routes. The numbered State 
aid routes in 1926 included the Federal-aid system of 1,043 miles, and other numbered 
routes, 925 miles, a total of 1,968 miles. 





The Federal-aid highway system, 7 per cent of the 
certified highway mileage and 7.2 per cent of the 
mileage of traveled public roads, carried approximately 
one-half of the total traffic on all roads of the State 
The present numbered routes, 13.5 per cent of the 
highway mileage, which includes the Federal-aid 
system, carried two-thirds of the total traffic. Town 
roads, 69.4 per cent of the total highway mileage, 
carried only 12.8 per cent of the traffic. 

The routes selected for uniform numbering by the 
American Association of State Highway Officials; in- 
cluding U. S. 2, U. S. 4, U.S. 5, and U. S. 7 are the 
most important through traffic routes in the State. 
These routes, aggregating 525 miles in length, approx!- 
mately 50 per cent of the Federal-aid system, carry 
approximately 60 per cent of the traffic on the system. 
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The primary Federal-aid routes, 446 miles, three- 
sevenths of the Federal-aid system, carry 53 per cent 
of the traffic on the system. 


COMPOSITION OF TRAFFIC DISCUSSED 


The comparative use of the highways of the State by 
vehicles of Vermont and foreign registration, by city 
and farm-owned vehicles, and by various other types of 
vehicles can be expressed accurately in vehicle-miles.® 

The total passenger-car use of the Federal-aid and 
numbered State-aid roads on an average day, during 
the transportation survey, was 940,600 passenger-car- 
miles. The distribution of this traffic according to 
registration, ownership, type of trip, and type of usage 
of cars is shown in Table 6. 


PUBLIC 
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TABLE 6.—Compo: ition of passenger car traffic on the Federal-aid 
and numbered State-aid roads 


Percentage 
of daily 
passenger - 
car-miles 


Daily 
passenger- 
car-miles 


State of registration 





Vermont 596, 300 63.4 
- Fore } 344, 300 36. 6 
City 845, 600 89.9 
, F “f 95, 000 10.1 
ype of trit 

rouring 134, 500 14.3 
Nontouring 806, 100 85.7 

T ype of usagt 
Business 317, 000 33.7 
Pleasure 623, 600 66.3 
All type 940, 600 100. 0 





Sranparp U. S. Route MARKER ON 


Foreign traffic amounts to 344,300 passenger-car- 
miles per day, or 36.6 per cent of the total passenger- 
car mileage. 

The traffic of farm-owned passenger cars comprises 
10.1 per cent and of city-owned passenger cars, 89.9 
per cent of the total passenger-car traffic on the 
Federal-aid and numbered State-aid routes. 

The volume of farm-owned passenger-car traffic 
varies with the agricultural dcviiiamnen of the area 
served by the routes but is more nearly uniform on all 
routes than is the case with city-owned traffic. On 
heavy-traffic routes farm-owned traffic forms a very 
small part of the total. On light-traffic routes off the 
main routes of travel and not adjacent to centers of 


5 The various types of traffic are defined as follows: 

State of registration: Vermont includes all motor vehicles registered in Vermont; 
foreign includes al! motor vehicles not registered in Vermont. 

Place of ownership: Farm includes all motor vehicles owned by persons residing 
on farms; city includes all motor vehicles owned by persons residing in cities, villages, 
or urban areas. 

Type of usage: Business indicates that the car on the trip recorded was being used 
for business purposes; pleasure indicates that the car on the trip recorded was being 
used for pleasure or recreational purposes. 

Cype of trip: Touring includes all trips of more than one day’s duration taken 
primarily for recreation; nontouring includes all other trips. 

_ Type of trucking: For hire includes all trucks engaged in hauling commodities 
either on a contract or tariff basis. 
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population, farm-owned traffic forms a much larger 
part of total traffic. 

The importance of long-distance touring traffic on 
Vermont highways is indicated by the fact that 14.3 
per cent of the total passenger-car traffic, measured in 
vehicle-miles, is made up of touring trips. This traffic 
is largely of foreign registration and limited to the 
main through routes and routes leading to points of 
historic or scenic interest. 

Approximately two-thirds of the passenger-car 
traffic, measured in vehicle-miles, on the Federal-aid 
and other numbered State-aid routes is made up of 
cars used for pleasure or recreational purposes. This 
traffic is limited largely to the main routes of travel, 
the scenic routes, and routes in the summer-resort 
areas. 

The distribution by length of trip, as shown in 
Table 7, is based on the entire trip from point of origin 
to point of destination, which—particularly for long- 
distance traffic—includes a considerable mileage on 
highways of adjacent States. The average total trip 
mileage and trip mileage on highways of Vermont for 
each type of passenger car traffic are shown in Table 8. 
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TABLE 7.—Distribution of passenger-car traffic by length of trip! 





Type of passenger-car traffic 
Length of trip No 
ace | Wen | Bee | xs Tour- +*°2- | Busi- | Pleas 
Total mont eign City Farm ing ‘UF | ness ure 
ing 
Miles Per Per Per Per Per Per Per Per Per 
cent cent cent cent cent cent cent cent cent 
Less than 10_- 29.8 42.0 10.8! 28.1 75.6 0.0 36.3 43.0 23.1 
10 to 19._..- 16. 1 21.9 6.9 16. 1 15.0 0.0 19.6 21.6 13.3 
20 to 29___. we 6.9 8.7 4.1 7.0 3.7 0.0 8.4 7.9 6.4 
oo) == 5.0 6.1 3.1 5.1 2.7 0.0 6.1 5.0 5.0 
40 to 49 3.8 4.5 7 3.9 1.0 0.0 4.6 3.8 3. 8 
50 to 59___. 2.4 2.6 2.0 2. 5 0.0 0.4 2.8 1.7 2.7 
60 to 69___- 1.9 2. 1, 1.6 1.9 0.3 0.5 2.2 2.1 1.8 
70 to 79._. . 1.8 1.8 1.8 1.8 0.7 1.1 1.9 1.6 1.8 
80 to 89___. 1.5 1.3 1.8 1.5 0.0 1.0 1.6 1.3 1.6 
.,, ae 1.4 1.2 1.7 1.5 0.0 0.8 1.5 0.9 1.7 
100 to 149___. 5.3 3.6 8.1 5.5 1.0 4.2 5.6 4.6 7 
150 to 199__..___- 4.0 1.4 8.1 4.1 0.0 6.4 3.5 2.4 4.58 
200 to 299.......- 8.4 1.8 18.8 8.8 0.0} 27.6 4.3 2. 8 11.3 
300 and over___-. 11.7 1.0 28. 5 12.2 0.0 58.0 1.6 1.3 17.0 
Total 100.0 100.0 100.0 100.0 100.0 | 100.0 100.0 100.0 100. 0 
1 Based upon a total of 8,262 cars. 
TABLE 8.—Average mileage per trip and average passengers per car 
for various types of passenger-car traffic 
Average mileage 
per trip ! Average 
num ber 
Type of traffic of pas- 
On sengers 
Total Vermont per car 
highways 
State of registration: 
Vermont... --- 31 24 2.7 
Foreign - ------ 199 75 3.0 
Place of ownership: 
aa 102 46 2.8 
Farm... -- 12 ll 2.4 
Type of trip: 
Touring---- 348 118 3.3 
Nontouring 47 30 a7 
Type of usage: 
Business - 38 25 1.9 
Pleasure - 123 52 3.2 


1 Averages shown are the arithmetic mean of the trip-mileage of cars observed. 
This average is influenced greatly by exceptionally long trips, but provides a reliable 
basis of comparing the various types of traffic. 


Average daily motor-truck use of the Federal-aid 
and other State-aid highways during the period of the 
survey was 62,400 vehicle-miles. The distribution 
of this traffic by place of registration, ownership, and 
type of trucking is shown in Table 9. 


TABLE 9.—Composition of motor-truck traffic on the Federal-aid 
and numbered State-aid roads 


‘ Per cent 
: Avemee of total 
Type of truck traffic truck- daily 
miles truck- 
miles 
State of registration: 
Vermont... .-- 56, 400 90. 4 
Foreign... -.-- 6, 000 9.6 
Type of trucking: 
=a 13, 900 22, 2 
Other than for hire 48, 500 77.8 
Place of ownership: 
City... 50, 600 81.1 
Farm... 11, 800 18.9 
Total. 62, 400 100. 0 


The proportionate use of highways in the State by 
trucks of foreign registration is considerably less than 
the use by foreign passenger cars. As shown in Table 
9 only 9.6 per cent of the total motor-truck miles is 
produced by foreign trucks. 
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Foreign trucks operate primarily upon the prin- 
cipally traveled routes near the State boundaries. 
Used household furniture, fresh fruits, groceries, gaso- 
line, and bakery goods are the principal commodities 
hauled by them. 

Little difference was found in the average net cargo 
hauled by Vermont and foreign trucks, that of the 
former being 2,460 pounds and of the latter 2,360 
pounds. 

The use of the Federal-aid and numbered State-aid 
roads by trucks for hire totals 13,900 truck-miles per 
day, or 22.2 per cent of the total truck use of these 
highways. ‘These trucks are engaged principally in 
the hauling of clay, gravel, sand, stone, milk, lumber, 
used household furniture, and general freight. Approx- 
imately 70 per cent of the trucks operating for hire 
are engaged in the transportation of these commodities. 
The average net cargo of trucks operated for hire is 
3,300 pounds as compared with 2,240 pounds for other 
trucks. 

City-owned trucks comprise 81.1 per cent of the 
motor-truck use of the same systems as shown in Table 
9. The loads carried by city-owned trucks are con- 
siderably greater than those hauled by farm-owned 
trucks. The average net cargo hauled by city trucks 
is 2,710 pounds as compared with 1,270 pounds for 
farm-owned trucks. This small cargo hauled by farm- 
owned trucks and a correspondingly low gross weight 
indicate that the use of the highways of the State by 
farm-owned trucks is mainly by small-capacity trucks, 
hauling light loads. 

That motor-truck traffic is primarily a local and 
short-haul movement is shown by Table 10. Of the 
loaded trucks observed on the principal highways of 
the State, 45.2 per cent were traveling less than 10 
miles per trip and 78.4 per cent less than 30 miles. 
Of the net tonnage of commodities transported 42.7 
per cent was being hauled less than 10 miles and 78 
per cent less than 30 miles. Only 7.8 per cent of the 
net tonnage hauled by loaded trucks was transported 
60 miles or more. 


TABLE 10. Distribution of motor-lruck traffic by le ngth of trip 1 
ee er oe Motor Netcargo 
Length of tri trucks tonnage 
Miles: Percent Per cent 
Less than 10 45.2 42.7 
10 to 19. 22.9 25.8 
20 to 29 10.3 9 
30 to 39. 6.3 6.4 
40 to 49 5.0 5.0 
50 to 59 28 28 
60 to 69 1.3 1.3 
70 to 79 1.0 l 
80 to 89 in ] 
90 to 99 .6 t 
100 and over 3.8 4 
Total 100. 0 100. 0 


1 Based upon 3,163 loaded trucks 


The distribution by lengths of trip, as shown in 
Table 10, is based on the total trip from point of 
origin to point of destination, which— Pei ca for 
the longer trips—includes the mileage traveled on 
highways of adjacent States. The average total trip 


mileage, the trip mileage on the highways of Vermont, 
the average net cargo weight and the average gross 
weight per truck for each type of truck traffic are 
shown in Table 11. 
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TABLE 11.—Average mileage per trip and average weight per truck 
for various types of motor-truck traffic 


Average mileage 

“ : ' Average Weight 

per trip! Averag 

Type of truck traffic 

On Ver- 
mont 

highways 


Net 


Total 
= cargo 


State of registration Pounds 


Pounds 


Vermont 19 16 2, 460 6, 660 
Foreign 59 30 2, 360 7, 260 
Type of trucking 
For hire 24 18 3, 300 8, 040 
Other than for hire 23 18 2, 240 6, 380 
Place of ownership 
City.. 26 20 2,710 7, 200 
Farm 12 11 1,270 4, 440 
1 Averages shown are the arithmetic mean of trip mileage of trucks observed 


This average is influenced by the relatively small number of long trips but prov 
a reliable basis of comparing the various types of traffic. 
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FUTURE TRAFFIC FORECAST 


Since no adequate historical series of traffic records 
are available in Vermont it is impossible to make a 
forecast based directly upon past trends. In States 
where historical series of traffic records are available 
highway traffic and motor-vehicle registration have 
been found to increase at equal rates. A comparison 
of highway traffic and motor-vehicle registration in 
Maine, Maryland, Massachusetts, Michigan, and Wis- 
consin is shown in Figure 4. 
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REGISTRATION IN MASSACHUSETTS, MARYLAND, MAINE, 


WISCONSIN, AND MICHIGAN 


Vermont varies from these States with respect to 
traffic growth principally in the volume of foreign 
traffic on the more important highways and in the 
rate of population increase. The proportion of foreign 
traffic on Vermont highways was recorded at 33 points 
during a traffic count conducted by the State highway 
department in August, 1924. At 32 of these points, 
which were similar in location to stations of the 1926 
survey, it was found that 38.1 per cent of the cars were 
of foreign registration. At the 32 similarly located 
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stations during the 1926 survey it was found that 38.6 
per cent of the traffic was foreign. In New Hampshire, 
which also has a large volume of foreign traffic, traffic 
counts obtained in 1918, 1922, and 1926 indicate that 
foreign traffic at corresponding points was 41 per cent 
of the total in 1918; 40 per cent in 1922; and 48 per 
cent in 1926. 

These data indicate that foreign traffic in these States 
is increasing slightly more rapidly than local traffic and 
that a forecast of total traffic on Vermont highways 
based on motor-vehicle registration in the State would 
be conservative, but for a short period of years would 
represent total traffic with reasonable accuracy. 
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A Bituminous MacapamM Roap NEAR ADDISON 

Motor-vehicle registration can be predicted on the 
basis of exact records available since 1913. The in- 
crease in motor-vehicle registration is a function of two 
variables (1) increase in population and (2) the increase 
in ownership and use of motor vehicles in proportion to 
population, measured by the number of persons per 
motor vehicle. 

Population, motor-vehicle registration, and persons 
per car from 1913 to 1926 and extended to 1936 are 
shown in Table 12. 

The persons per car for each year from 1913 to 
1925 and the extension of the trend to 1936 are shown 
in Figure 5. 

The trend of motor-vehicle registration in Vermont 
from 1913 to 1926, inclusive, indicates an increase in 
registration of 39.8 per cent between 1926 and 1931, 
and of 24.5 per cent between 1931 and 1936, or an 
increase of 74 per cent for the 10-year period from 
1926 to 1936.6 Assuming a uniform rate of increase 
in traffic and motor-vehicle registration, traffic may be 
expected to increase in the same ratio as the regis- 
tration. 

This rate of increase in highway traffic will apply 
for the State as a whole. Traffic originating in the 
areas of the State which are rapidly increasing or de- 


> 


j26, Which is the measure of traffic for this year 
nd 1936. 


6 Based on actual registratior 
ind estimated registration in 1931 
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TABLE 12.—Comparison of population and the number of motor 
vehicles in the State of Vermont 


Registration of motor, 
Popula- vehicles (hundreds) 
Year tion! 
(hundreds) 


Persons per car 


Actual Estimated Actual Estimated 


3, 548 59 62 60. 0 57.6 
3, 544 85 85 41.8 41.6 
3, 541 115 114 30.8 31.1 
3, 5387 157 149 22. 6 23.8 
3, 533 216 188 16.3 18.8 
3, 530 226 233 15. 6 15.1 
3, 526 268 284 13. 2 12.4 
3, 524 316 339 11.1 10.4 
3, 524 373 397 9. 46 8. 87 
3, 524 439 459 8. 03 7. 68 
3, 524 528 523 6. 68 6.74 
3, 524 612 589 5. 76 5. 99 
3, 524 696 655 5. 07 . 38 
3, 524 741 722 4.76 4.88 
3, 524 |..- 788 .. 4. 47 
3, 524 |-- 853 4.13 
3, 524 |.. 916 3. 85 
SR 3, 524 |. 977 3. 6 
ae 3, 524 1, 086 3. 40 
a ee 3, 524 |. 1, 290 ‘ 2. 73 


1 Population as of July 1,each year. For the years 1913 to 1923, inclusive, the popu- 
lations given are Bureau of Census estimates. Those for the years 1924 to 1936, in- 
clusive, are extensions by the method used by the Bureau of the Census 


creasing in population will increase more or less rapidly 
than the average. Such areas, however, are small and, 
considering the volume of traffic on the principal high- 
ways which originates outside of the immediate local 
areas, the application of a uniform rate of traffic in- 
crease to the entire State is justified.’ 

The expected traffic in 1931 was obtained by apply- 
ing the rates of motor-vehicle registration and traffic 
increase to the 1926 traffic at each survey station. 
The resulting forecast of traffic at each station is shown 
in the full report. 


ROUTES CLASSIFIED ACCORDING TO PRESENT AND FUTURE TRAFFIC 


To provide a basis for the establishment of a balanced 
program of highway improvement to meet traffic needs 
in Vermont a traffic classification of Vermont high- 


? The validity of this assumption is substantiated by an analysis of registration 
increase by towns in New Hampshire for the years 1922 to 1925, inclusive. Not- 
withstanding variations in population density, population trends and present per- 
cone per car, the rate of decrease in persons per car in the different areas was very 
uniform. 
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ways has been established on the basis of the principal 
traffic data, which are (1) total present motor-vehicle 
traffic and estimated traffic in 1931 and 1936, (2) 
total truck traffic, and (3) traffic of large-capacity 
trucks. The highways are clsssified in three groups, 
designated as major, medium, and minor traffic routes 
or sections of routes, according to iheir average daily 
present and estimated future traffic. 

These classes and the traffic limits of each class are 
summarized in Table 13: 


TaBLE 13.—Traffic classification of Vermont highways and traffic 
limits for each class for 1926 and estimated for 1931 and 1936 


Average daily motor vehicles 


Traffic classification ! 


1926 1931 1936 

Major | 1,500 or over 1,500 or over 1,500 or over 
Major 2 800 to 1,500 1,500 or over 1,500 or over 
Mediu:n 1 800 to 1,500 800 to 1,500 1,500 or over 
Medium 2 800 to 1,500 800 to 1,500 800 to 1,500 
Medium 3 Less than 800 800 to 1,500 800 to 1,500 
Minor 1 Less than 800 Less than 800 800 to 1,500 
Minor 2 Less than 800 Less than 800 Less than S0¢ 

1 The traffic classifications for 1931 and 1936 are based on average traffic in 19<¢ 


The above traffic limits are based primarily upon 
experience and present practices in Vermont. The 
upper limit of the minor group is higher than that 
commonly accepted in many States, but is in accord- 
ance with Vermont traffic conditions, particularly 
the very limited use of trucks of over 214 tons capacity, 
and the resulting absence of heavy wheel loads, the 
fact that observed traffic represents traffic during the 
period of greatest traffic density, and the serviceable 
type of gravel available for construction of gravel 
roads in Vermont. The more important routes 
included in the minor classification, and classified as 
requiring gravel surfaces, should be surface treated. 

All highways upon which the traffic was observed 
are classified, including the entire Federal-aid system, 
practically all of the other numbered State-aid routes 
and approximately one-tenth of the unnumbered 


(Continued on p. 229) 
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RELATION BETWEEN SODIUM SULPHATE SOUNDNESS 
TEST AND ABSORPTION OF SEDIMENTARY ROCK 


By the Division of Tests, United States Bureau of Public Roads, Reported by D. O. WOOLF, Jr., Materials Engineer 


OR a number of years past an accelerated sodium 
} sulphate soundness test has been used to indicate 
the resistance of sedimentary rock to repeated 
frost action. This test was apparently first proposed 
by M. Brard, and is described in Annales de Chemie et 
de Physique (1828). It has recently been tentatively 
accepted by the American Association of State High- 
way Officials as a standard test. 

The test consists of alternately immersing the test 
sample of rock in a saturated solution of sodium sul- 
phate for 20 hours and drying it at 100°C. for four hours. 
This operation is repeated five times and then the sam- 
ple is examined as to appearance and the rock classified 
as sound or unsound. Samples which crack, check, or 
disintegrate are considered as unsound and of ques- 
tionable suitability for use in concrete which is exposed 
to frost action. 

Several attempts have been made to correlate the 
accelerated sodium sulphate soundness test of rock 
with the results of other tests which are usually made 





Fig. 1—A Limestone SAMPLE BEFORE AND 
SounDNEss TEST. 
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THe RECTANGULAR APPEARANCE Is 
BECAUSE SAWED MATERIAL WAS SUBMITTED FOR TESTING 
AND Is Not CHARACTERISTIC OF SAMPLES PREPARED FOR 
TESTING 
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to determine the quality of the material. These com- 
parisons have usually shown negative results, i. e., 
there is no apparent relationship between the results of 
the soundness test and any of the standard tests. 
Considering, however, that failure in the accelerated 
soundness test may be caused through crystal growth 
in the interior of a rock specimen, it is believed that 
there must be some relation between the soundness 
test and a test of the porosity of the material. This 
latter property is usually determined by an absorption 
test, the test result expressing the amount of absorbed 
water in terms of percentage of the dry weight of the 
solid rock. 

For the last three years the Bureau of Public Roads 
has been making the accelerated soundness test on all 
rock samples of sedimentary origin as well as marble 
which have been submitted for test to determine “heir 
suitability for use in concrete, and the tests reported 
in this paper include the great majority made on such 
rock. One hundred and fifty of these rocks have also 
been tested for absorption. The results of these tests 


are shown in Table 1, and, although they do not 
establish a definite relation between percentage of 
absorption and unsoundness as determined by the 
sodium sulphate test, they do indicate that rocks having 
a certain percentage of absorption will in the greater 
number of cases prove to be unsound. 


It is believed 
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Fic. 3.—TuHrREE SAMPLES WuicH HAvE CompLeTELY Dis- 
INTEGRATED IN THE SOUNDNESS TEST AND ONE SHOWING 
PARALLEL PARTING. ALL or THESE SAMPLES HAp More 
THAN 4 Per Cent ABSORPTION 


that the samples shown in Table 1 include all types 
and qualities of sedimentary rock which are used 
as coarse aggregate in concrete, and the range in test 
values, as will be noted, is quite extensive, the absorp- 
tion ranging to above 6.5 per cent. Results of the 
standard Deval abrasion test are not shown but they 
varied from a minimum of 2.3 per cent to a maximum 
of 26.2 per cent. The geographical distribution of the 
samples is shown in Table 2. 

Figures 1 to 3 show typical examples of failure in the 
accelerated soundness test. Figures 1 and 2 show 
samples of unsound rock before and after the test. 
Figure 3 shows three completely disintegrated samples 
and one in which parallel parting is excellently marked. 
These samples (fig. 3) had very high absorptions, all of 
them being greater than 4 per cent. 

Figure 4 shows the proportion of sound and unsound 
samples grouped according to percentages of absorp- 
tion. Each group covers a range of 0.5 per cent, the 
first group including all values up to 0.5 per cent, the 
second from 0.51 to 1, etc. Figure 5 shows the number 
of samples having percentages of absorption equal to or 
greater than 0, 1, 2, 3, etc., and the percentage of all 
such groups shown to be unsound by the soundness 
test. 

It will be noticed that of all the samples tested, 4° 
per cent were unsound. Of all samples tested which 
had an absorption of 2 per cent or more, 82 per cent 
were unsound. All samples with an absorption of 4 
per cent or more were unsound. On the basis of the 
group of samples reported in this paper, the probabili- 
ties, therefore, are that two out of every five samples 
of sedimentary rock are unsound as determined by the 
sodium sulphate test. 

Although the accelerated sodium sulphate sound- 
ness test is used to indicate the possibility of failure 
through frost action, it does not follow that failure 
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Fig. 4.—PROPORTION OF SOUND AND UNSOUND SAMPLES GROUPED 
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Fig. 5.—PRrRoporTION oF UNSOUNDNESS IN GRoUPS OF SAMPLES 
Havina Various MINIMUM PERCENTAGES OF ABSORPTION 


from freezing and thawing is always associated with 
unsoundness as indicated by the tess. Many rocks 
which are seriously affected by the accelerated sound- 
ness test have been successfully used in concrete pave- 
ments and structures exposed to frost action for years. 

The durability of concrete in which unsound rock 
was used may result from the quality of the concrete 
and in spite of the quality of the aggregates. A 
thoroughly water-tight concrete would certainly dela) 
and possibly entirely prevent disintegration by frost 
action of an unsound rock used as the coarse aggregate. 
It is apparent that for durable concrete not only the 
soundness of the ingredient materials should be con- 
sidered, but also the character of the concrete itself. 
A discussion of the soundness of concrete is not within 
the scope of this paper; but as the character of concrete 
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is variable and subject to many conditions which may 
affect the quality, every effort should be made to con- 
trol these factors. For this reason, the use of aggre- 
gates of unquestioned durability or soundness is im- 
portant. In this connection, the accelerated sodium 


sulphate soundness test is of value in indicating 
questionable aggregates. Samples which show un- 
favorable results with this test should be further 


investigated by inspection of exposed ledges or faces 
of the stone at the quarry, or of concrete made of the 
rock, if it has been previously used, before a final 
decision is made. 

The high percentage of possible failure indicated 
above shows that great care should be exercised in the 
selection of sedimentary rock for use in concrete. 

These results seem to indicate that, when time is 
limited, some idea of the relative behavior in the sodium 
sulphate soundness test of several otherwise compar- 
able materials may be obtained from the absorption 
test, the highest values indicating the greatest proba- 
bilities of failure in the other test. 


TABLE 1. Results of soundness test and absor ption lest grouped 
by kinds of rock and arranged in order of the 


perce nlage oj 
absorption 


Sam- 


A bsor] 
ple Location Nan Soundness test tion per 
No. cent 

1 New York Limestone Sound 0. 02 
2 Maryland do do 03 
3 New York do do 04 
4 South Dakota do do 0. 

5 Tennessee do Unsound 0 

6 Maryland do Sound. . OY 
7 Texas do do l 

s ie do ss do t 
9 , West Virginia do do { 
10 | Pennsylvania do do 

1l | New York. do do. 

12 do do : do 

13. Oklahoma do Unsound 

14 New York do Sound 1s 
18 |.. do - do ..do 0 
16 Tennessee - do Unsound 3) 
17 | Ohio do .| Sound 34 
18 Florida do ee . 52 
19 Texas. -do do. it 
20 - do.. do do rv 
21 Ohio do Unsound 87 
22. ~Florida.. do = = . 04 
23 | Texas... do ..do YS 
24 Indiana do -do.. 1.0 

25 Texas do .-do 1. 10 
26 Florida do ._.do ll 
27 Texas do Sound_- 1. 44 
, oma do do ._.do 1.45 
29 Ohio do Unsound 1. 68 
30 | Alabama do Sound. 1.70 
31 | Ohio... .-do Unsound 2. Ol 
co do Sound. 2. 54 
33 ..do do Unsound 2. 64 
34 Florida do .-do 3. 03 
35 | Texas do —_ & $.12 
36 «West Virginia Argillaceous limestone Sound mH 
37 Texas do Unsound 40 
ae a. _do do i . 52 
39 | Ohio do Sound . 59 
10 Minnesota do Unsound 1.35 
41 Texas do ce ee 1. 47 
42 |.....do do .-do- 2. 64 
43° Oklahoma do .-do 2.°8 
14 Texas do SS 3. Sf 
45 Oklahoma do.. = “SS 3. 64 
46 Kansas -do =e... 4. 06 
OF Sena do do -do 4.21 
OP Pecan do do .-do 4. 85 
_ pee do do .-do. 5. 20 
0 Texas. do .-do.. 32 
51 | Kansas. -do.. .-do-_. Yi 

| ee do... ce — ee 6.4 

53 | Maryland Siliceous limestone Sound... . 02 
oe do. | SEE ea do-. 09 
Or legac do... | __ GRae ae a FFE do.. 12 
56 | Kansas-.- . SRE eee ee do-. 

57 | Pennsylvania._-. -do_. — wa 24 
58 | Texas.....- do.... Ss 3 
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PaBLE 1.—Results of soundne test and absorption test grouped 
by kinds of oc! und ¢ unqed in order of the percentage of 
absorption Continued 

Sa A bsorp- 

ple L, f Soundness test tion per 

N cent 

) Lou li 1 ( nsound 1. 05 
60 | Illinois do 1.71 
61 Kansas do.. 2. 7} 
62 | Ilinoi .-do. 2.72 
63 do i do 2.91 
64 | Ohio 1) t ( e Sound 1.40 
65 | do do 2. 86 
66 | Rhode Islar Unsound 4. 58 
67 | Missouri Sound . 42 
68 | Ohio... Unsound . 46 
69 | Texas i Sound . 99 
70 | New York Chert mestone = . 08 
71 I-- .do i .do O8 
72 | Llinois Unsound 1. 90 
73 | Maryland Sound an 
74 | Louisi Unsound 29 
7 New Yor Sound. 20 
76 | Texas l do 23 
77 | West Virg ) do 02 
78 | New York i 04 
aS 10 05 
80 | Virg ) . 06 
81 | Pennsy Tf .14 
82 | New York 1o . 21 
83 | Michig kc .39 
84) Ohi 1 39 
85 lo lo .41 
86 | do ic 49 
87 | do 10 58 
88 | ie do . 64 
S29 10 10 69 
00 | Unsound 72 
91 d Sound a7 
y2 | South D do . 83 
93 Oh 10 86 
‘4 di 1.03 
45 lo 1.08 
uM le 1. OS 
; 1 { d 1.14 
ys | ~ 1.19 
19 i 1. 27 
OO 1. 7 
01 1.28 
02) W 1.32 
( Iilin { ymund 1.35 
O4 Ohio S 1 1. 36 
10, dc 1.36 
106 1 Unsound 1.40 
107 1 ..do 1.47 
108 1 Sound 1. 52 
109 1 .do 1.59 
110 | Ir Unsound 1. 66 
111 | Ohio Sound 1.76 
112 d ...-do 1.77 
l ke ..do 1. 87 
14 | Indiana Unsound 2.13 
i5 | Ol Sound. 2.41 
116 do .do 2.46 
117 | Michigaz Unsound 2.84 
18 | Ohio Sound. 2. 88 
19 do Unsound 3. 37 
120 d Sound 3.44 
21 i oath 3.71 
122 | io i Unsound 6.95 
23 do Arg eous dolomite .--do_. . 84 
24 do 1 do 1.25 
25 do i do 1. 26 
12¢ Indiana do 1. 55 
127 do i do 1.81 
128 ArkKans do 2.15 
129 | Indiar do 2. 28 
130 ic do. 2. 73 
131 | do r do 2.80 
32 ' Virginia : eous dolomite Sound . 04 
133 Michigar lo Unsound 2.74 
134 Arkansas Sandstone Sound . 69 
135 do l Unsound 1.13 
136 do Sound... 1. 63 
137 | New York Unsound 1.70 
138 Kentucky Sound.. 1.81 
139 | Arkansas — - 1.93 
140 | Kentucky Se Ss 2.00 
141 | Minnesota Unsound 4.34 
142 Arkansas Fe ndstone Sound. 79 
143. New York — = 1. 00 
144 Arkansas wa 1.10 
145 do — 1. 43 
146 Kentucky Unsound 2. 21 
147 .do a UO 2.65 
148 do ET ee ee do. 2. 86 
149 Mexico Ca re sandstone Sound___. 15 
150 New Mexico 


Unsound.. 


Continued on page 229) 





INSTRUMENT DEVELOPED 





FOR MEASURING LENGTH 


OF CRACKS IN CONCRETE 


Reported by H. L. BOSLEY, Assistant Materials Engineer, United States Bureau of Public Roads 


N INSTRUMENT for use in measuring the 
A length of cracks in concrete pavements and 
with which measurements can be made rapidly 
and with a satisfactory degree of accuracy has recently 
been designed by the Division of Tests of the Bureau of 
Public Roads. The instrument was made for use on 
concrete surfaces in making condition surveys in con- 
nection with subgrade studies and to determine the 
effect of various features of design. 
It is thought that a description of the instrument may 
be of interest to State highway organizations and other 
agencies who are making condition surveys. Such a 

















Fig. 1.—Two Views or Apparatus UsEep IN MAKING 
SURVEYS 
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study of concrete pavements usually begins with a 
determination of the amount of cracking which has 
occurred, and if carefully done with a tape involves 
considerable painstaking labor. 

The apparatus, which embodies the same principle 
as the chartometer used for measuring distances on 
maps, consists of a wheel which is rolled along the 
surface to be measured by means of an operating handle. 
The circumference of the wheel being known, it is so 
geared to a revolution counter that for each linear foot 
of travel one unit is recorded on the counter. Thus, 
the reading on the counter at any time shows the total 
distance over which the wheel has been rolled. 

Before giving a detailed description of the device, a 
general view of which is shown in Figure 1, it may be 
well to discuss its usefulness. One man with the instru- 
ment can replace two men with a tape and obtain the 
same data more easily and it is believed more accurately. 
A second advantage is that the actual length of mean- 
dering cracks can be accurately measured, something 
which can not readily be done with a tape. Calibration 
tests with one of these devices indicated that lengths 
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measured at the speed of a man walking were accurate 
to within 0.25 per cent or 1 foot in 400. A check on 
the individual measurements is available at all times 
in the total on the counter which will record nearly 20 
miles before clearing. 

The details of construction are shown in Figure 2. 
A steel wheel, A, whose circumference is exactly 2 feet, 
rolls freely in bearings supported by the forked frame, 
B, attached to the tubular handle, C. A pair of spur 
years, D, rotate the spindle of the revolution counter, 
i, twice for each revolution of the measuring wheel, 
A. Thus for each distance of 1 foot traversed one unit 
is registered on the counter. The counter, E, is sup- 
ported and protected by a guard bracket, F. In 
transporting the apparatus from one place to another 
it is desirable to prevent rotation of the counter spindle. 
For this purpose a rubber brake shoe, G, is provided and 
this is pressed against the measuring wheel, A, by the 
rod, H, which terminates in a knob at the end of the 
operating handle. The operator simply presses down 
on this knob and locks the wheel, the brake being held 
in contact by the latch, J. To release the brake a 
slight pressure on the end of the latch, J, frees the rod, 
H, and permits the wheel, A, to again roll freely. 

The operation in the field is so simple and obvious 
that it needs no description. 
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State-aid routes. The highways classified include, 
therefore, all routes which carry any considerable 
volume of present and expected future traffic. The 
traffic classification for each section is shown in the full 
report. 

The mileage so classified in each of the classification 
groups is shown in Table 14. 


TaBLe 14.—Traffic classification of Vermont highways! 
Per cent 
Traffic classification Miles of total 
miles 
ST Dsinincas-oiceipeh ealac ce aiiebinns aicinmupad as tnna iid nice ateinia hint 49.1 2.2 
i ctcines ssc insccdahei eilechcins ciahsncdoec oud ce ain aging Slabs laa aialdipia enienarod 129. 5 5.9 

















Minor 1 





assist ea ail echinacea i abseil ig dita cn dnl 215.1 9.8 
No hinendsa ann aiecapiaiem cn agaiceaansilacecaasinaiana Gnteansedeuncnimaa nica 1, 284. 4 58.6 
I sani canicudmiscitindlaekinbnabalis datum eaicwba 1, 499. 5 68.4 
| ES SALEM MOP mbes Se eE S| 2,193.8 100.0 


— classified include all routes carrying any appreciable density of traffic 
in 1926. 


IMPROVEMENT PLAN PRESENTED 


The full report presents a proposed plan of improve- 
ment, based upon the analysis of the Vermont Federal- 
aid highway system,' considering present improvements 
and traffic, shows that 275.5 miles of new construction 

superior to gravel surfaces will be necessary to meet 
traffic requirements during the five-year period from 
January 1, 1927, to December 31, 1931. 


_§ The Vermont plan of highway improvement is limited to the Federal-aid system 
since less than 20 miles not included in the Federal-aid system carried sufficient 
traffic to justify their inclusion in the five-year plan of improvement. 
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The cost of improving these highways with surfaces 
adequate to serve present and expected future traffic 
as estimated by the Vermont State Highway Depart- 
ment will be approximately $12,000,000. This esti- 
mate includes the cost of bridges and structures, grad- 
ing, and surface costs. 

By 1931, because of the normal increase in traffic, 
278.5 additional miles of Federal-aid highways are 
expected to carry 800 or more vehicles and will require 
surfaces superior to gravel. To serve the traffic on 
these routes adequately, construction of surfaces 
superior to gravel on this mileage will be required be- 
tween 1932 and 1936. Since the major part of this 
mileage will be on medium traffic routes, the total cost 
of improving the 278.5 miles included in this group 
should be considerably less than the required expendi- 
tures during the period 1927 to 1931. This decrease, 
however, will be partially offset by the need for im- 
provement of a comparatively small mileage of routes, 
approximately 80 miles, not included in the Federal- 
aid system, with surfaces superior to gravel between 
1926 and 1936. 

It is believed that a construction program more 
limited in scope than the proposed five-year program 
will result in increased total highway expenditures, 
because of the higher maintenance costs which may be 
expected to result from postponement of adequate 
improvement; and that it will also result in inadequate 
highway service and increased motor-vehicle operating 
costs. , 

For the most economical accomplishment of the 
proposed improvement plan it is recommended that 
substantially the present Federal-aid highway system 
be established as a primary or State highway system 
under the jurisdiction of the State highway department 
as to construction, maintenance, and control. 

It is also recommended that a secondary highway 
system be established. This system should include the 
more important traffic routes not included in the pri- 
mary system. 

The establishment of these systems and their im- 
provement in accordance with the foregoing plan will 
insure a systematic and scientific development of 
Vermont State highways. 
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TABLE 2.—Geographical distribution of test samples 


Dolo- 


Lime- Sand- 





State or country stone nite stone Marble Total 
ac cccacuminas ale 1 1 
EERE eee ‘ oni 8 
a le Sia 4 4 
SS = 4 5 
SR aire 1 8 
Ee ieanees 8 8 
CO rakccnkagiiahiatd 5 
| ER ae 1 2 
7 kcciliea casa 5 6 
Michigan ........--. : “ne 3 
Minnesota........... 1 2 
1 1 
New Mexico-.---- Saree ae _ 1 
Oo . ; _—e : 8 3 2 1 14 
. ae ‘ 10 | ee ee eee 46 
(SS eee SD \nciunceneedeeied been cae dedied 3 
Pennsylvania _......- ‘ 2 Se SE ae 3 
Rhode Island -.......--. ‘ A lhiscocedbae bebikdudiceh a icdnupeticen 1 
South Dakota... -.. 1 | es et ae 2 
(es D \ctcdusutndieneesbadcnlecescankus 2 
,,. — ees ghveutsesaue ay lenccccabhucleeeneanana 1 18 
Virgimia........... SS ee eae 2 Ore eee 2 
.. i =a ; 2 fs See 3 
EE ia oi dinciucinihicatynaclomnninn nicen | rey Gee 1 
| Er ees Ure Se B caviousegens 1 








YADKIN RIVER BRIDGE TEST COMPLETED 


Tests of the reinforced concrete arch bridge over the 
Yadkin River between Albemarle and Mount Gilead, 
N.C.—involving the structure as it stood in service and 
with the continuity of the superstructure destroyed— 
were completed early in December. 

The purpose of the stress measurements was to deter- 
mine the manner in which a full-sized concrete arch, 
built under normal conditions, deforms under deter- 
minate loads, and to compare these deformations and 
the stresses produced in the arch rib with the deforma- 
tions and stresses as computed by the generally ac- 
cepted elastic theory of arches and those derived from 
the tests of models by means of Beggs deformeter gauges. 

Loads have been imposed by means of tanks of water 
placed on the span. These tanks are made of wood, 





YADKIN River BRIDGE TO BE TESTED TO DESTRUCTION 


12 by 20 by 18 feet inside dimensions, and weigh, when 
full, 160 tons each. 

Data has been secured with the following conditions 
of loading: 

1. A complete series of loads on the bridge as it 
stood originally; using one loading tank. 

2. A complete series of loads on the bridge with the 
continuity of the superstructure destroyed, so as to 
approach as near as possible to the conditions generally 
assumed in designing arches; using one loading tank. 

3. With the continuity of the bridge destroyed, load- 
ing it in the most critical positions, with two tanks. 

The tanks were weighed by means of the deformation 
of supporting copper cylinders set in steel cylinders 
and receiving the load from closely fitting pistons. 
Specially annealed copper cylinders (one-half inch by 
one-half inch) accurately shaped were placed in the 
cells so that they carry the entire weight of the tank 
placed on the pistons. The weight, a function of the 
deformation of the copper cylinders, was taken from 
calibration curves previously determined in the labo- 
ratory. By this means the empty-tank weight of 
47,000 pounds was checked within 300 pounds of the 
computed weight and other check measurements. 

The following measurements were made with various 
positions of load and three increments of water for 
each position: 
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1. The deformation of the concrete and steel at 24 
points on the arch rib. From these measurements the 
stress is determined by the use of the modulus of 
elasticity derived from tests of specimens taken from 
the bridge. 

The deformation was measured by electric telemeters 
which are designed on the principle that the electrical 
resistance of a carbon pile varies with the pressure on 
the pile. The instrument was attached to steel plugs 
crouted in the concrete arch rib so that the deformation 
movements are transmitted as pressures upon the car- 
bon piles. The telemeters are read to one ten-thou- 
sandth of an inch and estimated to one hundred- 
thousandth of an inch. 

2. The angular rotation of the arch ring at nine 
points. 

This measurement was made by means of -a clinom- 
eter, consisting of a steel bar carrying a level bubble 
and leveling screw attached to a dial reading to one- 
thousandth of an inch. The instrument was placed 
and leveled on gauge points located 20 inches apart on 
steel plugs in the arch rib. The relative displacement 
of the gauge points was measured, and from these meas- 
urements the angular rotation under any increment of 
load is derived directly. 

3. The change in length of middle ordinates of 5-foot 
arcs of the axis at 5-foot intervals over the entire 
length of the arch rib. 

The middle-ordinate changes were measured by means 
of a radius meter. This instrument consists of a steel 
bar 5 feet long, carrying at its center a Federal dial 
reading to one ten-thousandth of an inch. Gauge 
points at the ends of the radius meter are placed on 
corresponding points on steel plugs in the arch and 
the stem of the dial was allowed to rest on the surface 
of a square steel plug halfway between the gauge 
points. The movements of the square plug are trans- 
ferred to the needle and read on the dial. 

4. Deflections at each spandrel point of the arch. 

The deflections were measured from a wire suspended 
over a pulley with a counterweight at one end to main- 
tain a constant tension and sag. Points were located 
in the concrete at the top of each spandrel column 
and the deflections measured from these points to the 
wire. 

5. Rotation of the piers at the end of the span under 
observation. 

The pier rotations were measured by clinometers in 
the same manner as the axial rotations, the gauge 
points being placed on the top of each pier. These 
rotation measurements were checked by means of two 
wires placed 5 feet apart vertically and suspended 
independently of the span under observation. Move- 
ments were shown by the relative longitudinal displace- 
ments of fixed points on the wires and on the ends of 
the piers. Although the field work is now complete it 
will be several months before the data can be com- 
pletely analyzed and conclusions reached. 
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